Background: Youth with chronic pain are at higher risk for obesity than the general population. In youth with chronic pain, obesity exacerbates pain-specific activity limitations, and in adults with chronic pain, obesity perpetuates a cycle of disability. The current study examined whether weight status predicts functional disability outcomes over time in youth with chronic pain. Methods: Data were obtained from a retrospective chart review of patients who consented to participate in a longitudinal outcomes study. The Child Activity Limitations Questionnaire was used to assess functional disability at intake, 1-, and 3-month follow-up. Height and weight were measured at intake. A linear mixed model was used to test whether weight status and time predicted functional disability. Trend analysis with polynomial contrasts was used to test whether improvements in functional disability showed a linear trend over time. Results: The linear mixed model analysis showed a main effect of weight, suggesting that youth with higher BMI demonstrated less improvement in functional disability over time. The trend analysis suggested that improvements in functional disability were consistent with a linear trend for both healthy weight and overweight participants, but not for obese participants.
These findings suggest that the co-occurrence of these two chronic conditions results in greater impairment than that associated with chronic pain alone. While the extant paediatric literature has documented that obesity exacerbates the impact of chronic pain on health-related quality of life (HRQOL; Hainsworth et al., 2009 ) and parentreported limitations in vigorous activity (Wilson et al., 2010) , there has been no examination of whether obesity perpetuates disability in children and adolescents, to date. This study aims to fill this gap in the literature by examining the impact of obesity on changes in functional disability over time in a paediatric chronic pain sample.
With the rise in the prevalence of paediatric obesity (CDC National Center for Health Statistics (US), 2015), it has become increasingly important to study the impact of obesity on youth physical functioning and disability in general. The literature identifies obesity as a burgeoning childhood disability, pointing to the association between paediatric obesity and functional impairment, increased prevalence of pain, decreased muscle strength, gait, and balance, and reduced health-related quality of life (Tsiros et al., 2011 (Tsiros et al., , 2013 (Tsiros et al., , 2014 .
Examining the relationship between obesity and functional disability is particularly important in the context of paediatric chronic pain given that improved functioning is a primary goal of paediatric chronic pain treatment (Lynch-Jordan et al., 2014) . Within paediatric chronic pain, functional disability refers to impairments in the ability to participate in multiple domains of life that are commonly affected by chronic and recurrent pain, including school, social, leisure and physical functioning (Palermo et al., 2004; Hainsworth et al., 2007) . Current clinical practice for paediatric chronic pain emphasizes a rehabilitation approach, initially focusing on developing and implementing a functional restoration plan to decrease pain-related disability. Thus, though historically pain intensity has been the primary target of treatment (Gorodzinsky et al., 2011) , the importance of functional disability has been established in the paediatric chronic pain literature (e.g. Gorodzinsky et al., 2011; Lynch-Jordan et al., 2014; Palermo et al., 2015) .
While studies in the paediatric literature have documented that obesity contributes to additional limitations in physical activity for youth with chronic pain (Hainsworth et al., 2009; Wilson et al., 2010) , these cross-sectional studies have exclusively focused on data gathered prior to the initiation of treatment in a multidisciplinary pain clinic. The primary aim of this study was to conduct an initial investigation of weight-based differences in longitudinal patterns of change in pain-related functional disability for youth referred to a multidisciplinary chronic pain clinic. Given the impact of weight on functioning in adult and paediatric studies, it was hypothesized that weight status would predict functional disability over time, such that functioning in youth with comorbid chronic pain and obesity receiving active treatment would improve more slowly compared to youth with chronic pain alone.
Methods

Participants
The study sample consisted of youth who presented to a multidisciplinary chronic pain clinic at a large Midwestern children's hospital between December 1, 2009 and June 1, 2014. Data were obtained from a retrospective chart review of 584 patients who consented to participate in a longitudinal outcomes study. Charts were excluded from the review under the following conditions: (1) patients under the age of 8 or over the age of 18 (n = 1), (2) patients for whom no BMI could be determined (n = 31), (3) patients with a BMI at or below the 5th percentile (n = 15), and (4) patients missing data regarding functional disability (n = 76). Patients with missing functional disability data did not differ from the retained sample in terms of age, gender, BMI or pain location (all pvalues > 0.05). After exclusions, the final sample at intake consisted of 461 charts, with participants ranging in age from 8 to 18 years (M = 13.97, SD = 2.37).
Procedure
Patients completed questionnaires including measures of pain characteristics, demographics and pain-specific activity limitations (Child Activity Limitations Questionnaire; CALQ) as a part of the standard intake procedure for the pain clinic. Questionnaires were mailed to families prior to their initial clinic appointment. Families were asked to complete the questionnaires individually at home and return the questionnaires to the clinic by the date of the initial appointment.
Patients and families met with a multidisciplinary treatment team including an anaesthesiologist and mental health professional (i.e., psychologist or licensed clinical social worker) for a 90-minute initial evaluation. Each patient was prescribed a unique treatment plan after his/her initial intake based on individual needs. Recommendations included medication, physical therapy, occupational therapy, acupuncture, massage, and cognitive-behavioural therapy.
Follow-up measures were mailed to families who provided written informed consent for participation in a clinical outcomes registry. These measures were completed at home and mailed back to the clinic. One-month follow-up CALQ data were provided by 160 youth and 3-month follow-up CALQ data were provided by 111 youth (see Fig. 1 ). All three assessments (initial intake, 1-month follow-up and 3-month follow-up) were completed by 84 youth. The [omitted for review] Human Research Review Board approved the use of clinical data for this study.
Measures
Demographics
Demographic information including child age, sex, ethnicity and race was collected from patient electronic medical records.
Anthropometrics
The patient's height (to the nearest millimetre) and weight (to the nearest 10 th of a kilogram) were measured by a nurse at intake using a mechanical medical beam scale with a 158.8 kg limit and builtin stadiometer. Height, weight, gender, patient date of birth and date of intake were entered into the Children's Hospital of Philadelphia's online paediatric z-score calculator to obtain BMI, BMI percentile and BMI z-score (available at: http://stokes.chop.edu/ web/zscore/). BMI categories were assigned based on BMI percentiles and recommendations regarding terminology made by the American Academy of Pediatrics (Barlow, 2007) : underweight: ≤5%; healthy weight: ≥5% and ≤84%; overweight: ≥85% and ≤94% and obese: ≥95%. Height and weight were collected at intake only.
Pain characteristics
Youth rated their usual and worst pain intensity over the past 2 weeks using the Numerical Rating Scale (NRS), which ranges from 0 ("no pain") to 10 ("worst pain you can imagine;" Salamon et al., 2014) . The NRS has shown adequate reliability and validity with paediatric pain populations (Miro et al., 2007; Von Baeyer et al., 2009 ). The 2-week recall period used for this study has been validated in youth (8-18 years old) with chronic pain . Primary pain location was identified by the physician conducting the intake. Although multiple locations were documented, for the purposes of this paper only the primary pain location was used. For statistical analyses, pain location was coded by the medical director of the pain program (SW). The five categories included 1) abdomen, 2) extremity, 3) head, 4) trunk (i.e., back, chest and/or neck pain) and 5) other.
Functional disability
The Child Activity Limitations Questionnaire (CALQ; Hainsworth et al., 2007) was used to assess pain-specific activity limitations in youth with chronic pain. The CALQ is a 21-item self-report questionnaire that requires respondents to indicate how difficult 21 unique activities have been due to pain over the past 4 weeks and identify the eight activities that are most difficult due to pain. Items are scored on a 6-point Likert scale based on difficulty level: 0 ("not difficult at all"), 1 ("not very difficult"), 2 ("a little difficult"), 3 ("somewhat difficult"), 4 ("very difficult") and 5 ("extremely difficult"). The CALQ provides a total difficulty score, ranging from 0 -105. The CALQ has shown good reliability and validity in the measurement of pain-related functional disability in youth with chronic pain (Hainsworth et al., 2007) . For the current sample, the baseline CALQ showed good internal consistency (a = 0.95).
Statistical analyses
Missing data
Missing data on the CALQ were handled using the scoring guidelines suggested by Palermo and colleagues for the Child Activity Limitations Interview (CALI-21; Palermo et al., 2004) , a parallel measure of pain-specific activity limitations (Palermo et al., 2008) . Using their criteria, the scores of participants who omitted four or fewer items were adjusted upward based on the total score of completed items and number of omitted items (Adjusted Total Score = [Total Score]*[21/(21ÀNumber of Items Omitted)]). Individual reports containing more than four missing items were considered invalid. The linear mixed model (LMM) analysis, which was used to test the hypothesis that weight status would predict functional disability over time, estimates missing values using maximum likelihood estimation. For the trend analyses, only those participants who completed all three assessments were included.
Before statistical analyses, demographic variables were examined to determine whether differences across weight groups existed. Chi-square analyses were used to analyse differences among categorical variables, whereas one-way analysis of variance (ANOVA) was used to analyse differences among continuous variables.
Statistical analyses
Two sets of analyses were used to examine the impact of obesity on change in functional disability over time: LMM analysis and trend analyses. First, a LMM analysis was used as it allows for the examination of repeated measurements on each participant over time, even when there is uneven spacing between measurements (Fitzmaurice et al., 2011) . LMM handles missing data using full information maximum likelihood estimation (FIMLE). FIMLE has been shown to yield superior (i.e., most unbiased and efficient) estimates of missing data relative to other approaches (Enders and Bandalos, 2001) . LMM was used to test if weight status and time significantly predicted functional disability outcomes, controlling for age and gender. Specifically, we used a LMM with restricted maximum likelihood as the method of estimation and a heterogenous Toeplitz covariance structure. There was one continuous predictor (BMI), one categorical predictor (Time: Intake, 1-month follow-up, and 3-month follow-up) and the BMI 9 Time interaction. Age and gender were included as covariates. Further, each participant was treated as a random variable. To further investigate the effect of weight on functioning, a subsequent LMM was performed using BMI categories (healthy, overweight, obese), so that specific weight group comparisons could be made. Assumptions about withdrawal from follow-up assessments (missing at random, MAR) were considered. Logistic regression analyses were used to examine whether any baseline variables predicted missing data at 1-month followup. Results suggested that the data were missing at random; specifically, weight group, age, gender, ethnicity and pain location did not predict missingness.
Second, two trend analyses were conducted. First, a trend analysis with orthogonal polynomial contrasts was used to test whether improvements in functional disability showed a linear trend over time. This analysis was conducted with the subset of participants (n = 84) who completed all three assessments (i.e., participants with complete data at the initial assessment, and at the 1-month and 3-month follow-up points). Contrast variables were created (1 0 -1) to test whether improvements in CALQ scores occurred linearly across three time points (Intake, 1-month, and 3-month follow-up). This analysis tested the linearity hypothesis of greatest activity limitations (highest CALQ scores) at intake, followed by improvements at 1-month follow-up, and further improvements by 3-month follow-up for each weight group. Three separate one-sample t-tests indicated whether polynomial coefficients were significantly different from zero (which indicates a significant linear trend) for obese, overweight and healthy weight participants (Kutner et al., 2004) . This was followed up with trend analyses using one-way repeated measures analyses of variance (ANOVA) with polynomial contrasts. These analyses included all participants with data at any given time point, not just the subset of participants who completed all three assessments. All analyses were performed using SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.).
Results
Sample Descriptives
Descriptive data for the initial study sample are presented in Tables 1 and 2 . The overall sample consisted of significantly more women (73.3%) and Caucasian youth (83.9%), which is representative of the clinic patient population. Participants ranged in age from 8 to 18 years, with a mean age of 13.97 years (SD = 2.37). Calculated BMI ranged from 14.1 to 56.5, with a mean of 23.90 (SD = 6.33). Based on BMI percentile, 56.4% of youth were classified as healthy weight, 19.1% as overweight and 24.5% as obese. There were no differences in terms of age, gender, BMI, proportion of participants in each of the weight categories, or CALQ scores (intake, 1-month, or 3-month) between the full baseline sample (n = 461) and the subset (n = 84) who completed assessments at all three time points.
Weight groups were compared on a number of sociodemographic and clinical variables. ANOVA and chi-square analyses indicated that the three weight groups did not significantly differ in terms of age, usual or worst pain level, typical duration of pain (in hours) or race/ethnicity (comparing participants identifying as Caucasian and those identifying as African American). Initial CALQ scores, CALQ scores at 1-month follow-up, and CALQ scores at 3-month follow-up were also not significantly different among the three weight groups. Chi-square analyses (see Table 2 ) revealed that there were significantly more men than women in the obese subgroup (v 2 = 11.29, p < 0.01) and that there were fewer with trunk pain in the obese subgroup, compared to the other weight groups (v 2 = 17.86, p < 0.05).
Linear mixed model analysis
The linear mixed model (LMM) analysis showed a main effect of BMI, F(191, 142.71) = 1.31, p < 0.05, suggesting that those with higher BMI had worse functional disability. In order to more closely examine this pattern, functional disability differences between BMI categories (obese, overweight, and healthy weight) were examined via pairwise comparisons in a second LMM analysis. The difference between the obese and healthy weight groups was statistically significant (p = 0.006), suggesting that the obese group showed worse functional disability compared to the healthy weight group. The overweight group was not significantly different than either of the other two weight groups.
An overall main effect of Time was found, F(2, 63.58) = 14.62, p < 0.001, indicating improved functional disability (less activity restriction) from intake to 3-month follow-up. Planned paired t-tests further showed that there was significant improvement in functional disability over time between intake and 1-month follow-up (p < 0.001) and between intake and 3-month follow-up (p < 0.001). There was not a significant difference between 1-month and 3-month follow-up (p = 0.13). Age [F(1, 225.18) = 1.31, p = 0.25] and Gender [F(1, 268.59) = 2.25, p = 0.14] were not statistically significant, suggesting that changes in functional disability over time were not significantly influenced by child age or gender. The BMI *Time interaction effect was also not statistically significant, F(201, 40.66) = 1.17, p = 0.28.
Trend analysis
The trend analysis utilizing the subset of participants (n = 84) who completed all three assessments (Fig. 2) suggested that the improvements in functional disability (CALQ scores) were consistent with a linear trend for both healthy weight (t (44) = 4.46, p < 0.001; d = 0.55) and overweight (t (18) = 2.80, p < 0.05; d = 0.66) participants. There was not a significant linear trend for obese participants (t (19) = 0.48, p = 0.64; d = 0.09), which suggests no significant improvement in functional disability from intake to 3-month follow-up. The same pattern of results was found using repeated measures ANOVAs conducted with all available data at each time point (data not depicted in a figure) . Specifically, significant linear trends were found for the healthy weight (F = 15.13, p < 0.001) and overweight (F = 6.62, p < 0.05) participants, but not the obese participants (F = 3.33, p > 0.05).
Conclusions
The purpose of this study was to examine whether obesity impacts change in functional disability over time for youth with chronic pain. This study complements current literature documenting the role of weight status in predicting paediatric chronic pain outcomes (Hainsworth et al., 2009; Wilson et al., 2010) and extends it by showing that the impact of obesity on functional disability persists over time.
Despite multidisciplinary pain treatment, youth with comorbid chronic pain and obesity demonstrated greater functional disability at two follow-up points and little improvement over time. In fact, youth in the healthy and overweight groups demonstrated more than twice the amount of improvement in CALQ scores over time compared to youth in the obese group. The rate of obesity was greater for male patients compared to female patients, which is consistent with previous studies documenting a higher prevalence of obesity in male youth (Ogden et al., 2014) . There were also weight-based group differences in pain location, with trunk pain (i.e., back, chest and/or neck pain) underrepresented in the subgroup of obese youth. This finding is inconsistent with the literature documenting the increased risk of back pain for obese youth (De S a et al., 2006; Wilson et al., 2010) ; however, the trunk pain location used in the current study is a combination of back, chest and/or neck pain, which may be obscuring the relationship. Alternatively, it may be that there is an overrepresentation of obese youth reporting back pain in the general population, but that other pain conditions such as chronic headaches and lower extremity pain drive referrals to pain clinics. Mixed model analyses revealed significant main effects of both time and BMI on functional disability outcomes. These results suggest general improvement in functional disability for youth in treatment for chronic pain (Lynch-Jordan et al., 2014) as well as worse functional disability among youth with higher BMI. More specifically, we found that the obese group showed significantly worse functional disability compared to the healthy weight group. Though the current study did not find a statistically significant interaction between time and weight, this was likely due to the fact that the obese subgroup showed some improvement in CALQ scores from intake to 1-month follow-up. This, paired with reduced power, likely obscured an interaction between time and weight.
The trend analyses showed that despite all weight groups starting at relatively the same level of functional disability at intake, youth with comorbid chronic pain and obesity did not demonstrate the pattern of significant improvement in functional disability over time seen in healthy weight youth. Overweight youth also exhibited a statistically significant linear trend; however, the rate of improvement slowed between the 1-and 3-month follow-up, suggesting a risk of plateauing improvement. Although their trajectory is not as stagnant as the obese group, it is not as strong as the healthy weight subgroup.
Significant stagnation in CALQ scores was found in the obese subgroup between 1-to 3-month follow-ups, compared to the continued improvements in functional disability demonstrated in the healthy and overweight subgroups. Although the CALQ does not currently have any formal clinical cutoffs for impaired functioning, the approximate 13 point reduction in CALQ scores experienced by youth in the healthy weight group from intake to 3-month follow-up compared to the approximate 2 point change (see Fig. 2 ) found for youth in the obese weight group is certainly clinically meaningful.
While this study did not examine why functional disability did not improve over time for youth with comorbid obesity, the contributors are likely multifactorial. As previously mentioned, the CALQ was designed to capture impaired functioning in multiple domains commonly affected by chronic and recurrent paediatric pain, including school-, social-, leisure-and physical functioning. It is plausible that obesity could exacerbate functioning in any one, or all of these domains. As one example, improving functional disability in youth with chronic pain requires overcoming the reductions in physical activity and deconditioning associated with onset of pain (Wilson and Palermo, 2012) . For youth with comorbid obesity, this task may be more difficult because these patients are likely to be starting at lower baseline levels of physical activity and conditioning (Norman et al., 2005) . Additionally, in chronic pain, return to physical activity is associated with increased reports of pain (Rabbitts et al., 2014) . It is plausible that for youth with comorbid obesity, pain upon return to physical activity is greater and, therefore, poses a stronger barrier than for youth with healthy weight.
Biomechanical changes found with obesity place these youth at greater risk for experiencing pain generally due to the increased burden of weight on the musculoskeletal system (Wearing et al., 2006) . Further, the aberrant biomechanics associated with obesity, such as decreased muscle strength, gait and balance (Wearing et al., 2006; Shultz et al., 2009 Shultz et al., , 2010 Shultz et al., , 2011 Sil et al., 2015) likely makes movement more difficult and, potentially more painful, which could interfere with return to functioning.
Consistent with previous findings (Hainsworth et al., 2007) , obesity may negatively impact social functioning beyond that associated with chronic pain alone. As a final example, it is also plausible that for obese youth with chronic pain, pain experienced after resuming activity may contribute to fear of movement and subsequent avoidance of physical activity that is greater than that found in youth with chronic pain alone (Sil et al., 2015) and/or interfere with adherence to the pain treatment plan. Clearly, more research is needed to better understand the experience of comorbid paediatric chronic pain and obesity.
Results of the current study call for tailored interventions for youth with co-occurring chronic pain and obesity. Wilson and colleagues (Wilson et al., 2010) suggest the possibility of utilizing a range of interventions for weight management in chronic pain populations, from low intensity interventions involving feedback regarding weight status and psychoeducation regarding weight management, nutrition and physical activity to higher intensity interventions involving comprehensive cognitivebehavioural treatment. Family-based behavioural treatment (FBT) and Parent-Only Behavioural Treatment for children are well-established comprehensive treatment options for overweight and obese youth (Altman and Wilfley, 2015) . Research suggests that these interventions are optimized by targeting specific family members in treatment (Altman and Wilfley, 2015) , pointing to the need for family involvement when treating obesity. For those working with paediatric chronic pain populations, the challenge will be to determine the most effective interventions for weight that can either complement or be incorporated into already complex multidisciplinary evaluations and treatment plans.
The primary aim of this study was to conduct a succinct, initial evaluation of functional disability over time in youth receiving treatment for chronic pain. Future research should include prospective, longitudinal studies to more thoroughly identify potential patient and contextual variables that influence the stagnation of improvement in functional disability found in youth with co-occurring chronic pain and obesity. Such studies should identify and monitor differences in treatment plans, adherence to treatment and physical activity levels. It may be important to also examine the trajectories of other factors that may co-vary with functional disability. Research suggests that overweight and obese youth are at increased risk for psychosocial difficulties, including anxiety, depression, behavioural issues and reduced health-related quality of life (Schwimmer et al., 2003; Anderson et al., 2007; BeLue et al., 2009; Morrison et al., 2015) . Future research should include measures of psychosocial functioning to explore whether these factors contribute to the relationship between weight status and functional disability over time. Family factors, including socioeconomic status and family functioning should also be included in future studies as family variables have been found to influence both paediatric chronic pain (Logan and Scharff, 2005; Palermo et al., 2014) and obesity outcomes (Altman and Wilfley, 2015) . Finally, given that functional disability is a measure of the impact of pain on daily activities, future research should examine ways to increase activity in general for youth with comorbid obesity, and to do so in ways that do not exacerbate existing pain. Although obesity was not a focus, a recent study by Kashikar-Zuck et al. (Kashikar-Zuck et al., 2015) is a good example of a tailored intervention designed to increase physical activity while addressing the unique concerns of paediatric chronic pain patients (i.e., fear of movement, heightened risk for injury due to deconditioning). A study by Hainsworth and colleagues ) also shows promising results for Hatha Yoga as an intervention for youth with chronic pain and obesity. Results suggested that yoga may allow for an increase in activity while protecting joint integrity, minimizing risk of pain exacerbations and the option of tailoring poses to each patient's needs.
There are several limitations to this initial investigation. First, the issue of causality in the relationship between obesity and chronic pain was not addressed. Research suggests that youth with chronic pain are at increased risk for obesity (Wilson et al., 2010) and that preexisting obesity can also put youth at greater risk for experiencing pain (Hainsworth et al., 2012) . Future research is needed to determine causality of weight concerns for youth presenting to pain programs and to identify the mechanisms that contribute to the relationship between these chronic medical conditions, including biomechanical changes found in obese youth that impede mobility and likely overall activity (Wearing et al., 2006) . Second, the sample consisted primarily of Caucasian youth, which limits the generalizability of the findings. Research should include more diverse samples to determine if race/ethnicity moderates the results found. Third, this study did not address issues related to treatment. To identify reasons for the lack of improvement in functional disability over time, future research should include measures of adherence to the pain treatment plan and participation in the various components included in multidisciplinary treatment for chronic pain, such as cognitive-behavioural therapy, physical therapy and acupuncture. Fourth, issues related to attrition in this study limited the follow-up period to 3 months, despite the collection of data at 12-month follow-up (data not presented). The follow-up period should be extended in future studies to test whether the results found in this study hold long-term, especially for the overweight group for whom the risk of stagnating functional disability is less clear. Fifth, changes in weight over time were not assessed, nor were changes in the presence or symptom severity of other chronic health conditions commonly co-occurring with paediatric obesity (e.g. diabetes, sleep apnoea, high blood pressure). Additionally, while weight groups did not differ by pain location, we did not determine whether weight groups differed by specific pain diagnoses (e.g. arthritis). Future research should determine whether specific diagnoses are associated with obesity, and also play a role in the stagnation of functional disability identified in this study. Finally, the results of this study are based on youth self-report of functional disability. Future research should utilize multiple raters (e.g. parents, teachers) and include objective measures of functioning to bolster the findings.
In conclusion, the results of the current study suggest that obesity impedes improvement in functioning for youth in treatment for chronic pain. Despite entering multidisciplinary pain treatment at similar levels of functional disability compared to youth with healthy weight, youth with co-occurring chronic pain and obesity demonstrate greater functional disability at follow-up and limited improvement in functioning over time. Additionally, although youth in the overweight group show more improvement than those in the obese group, they may be at risk of stagnation of improvement over time and increased weight gain. Overall, these findings strengthen our previous call to further investigate the impact of obesity on youth with chronic pain, and to identify ways to tailor treatment options for their specific needs.
